• Hypogonadism is associated with increased fat mass and reduced muscle mass, which contributes to obesity and health risks, such as cardiovascular disease.
Introduction
Hypogonadism is characterized by low-serum T levels and a host of clinical symptoms including diminished libido and vitality, reduced muscle mass, erectile dysfunction, increased adiposity, depressed mood, osteopaenia, and osteoporosis (1) (2) (3) (4) (5) . A substantial proportion of hypogonadal men may become overweight or obese and/ or diabetic (3) (4) (5) . The increased adiposity and potential insulin resistance contribute to the risk factors of cardiovascular disease (5, 6) and T treatment may ameliorate some of these risk factors (7, 8) . In previous studies, hypogonadal men treated with T, albeit for a short duration, showed increased muscle mass and reduced fat mass and reduced levels of serum low-density lipoprotein cholesterol (LDL-C) improved, blood pressure and heart rate (reviewed in 4, 9) . Abdominal obesity in hypogonadal men may be associated with reduced plasma T levels (10, 11) . In centrally obese individuals, there is an overactivity of the corticotropin-releasing hormone -adrenocorticotropin hormone -cortisol axis (12, 13) and significant improvement in body composition was noted in several studies with T treatment (4, 14, 15) .
T plays a critical role in regulating energy utilization including nitrogen retention, carbohydrate and fat metabolism and adipogenesis. Androgens regulate differentiation of human mesenchymal stem cells and pre-adipocytes from different fat depots (16) . Androgen deprivation induces the appearance of small multilocular adipocytes and T replacement restored normal adipocyte size and a unilocular phenotype in male white adipose tissue (17) .
White adipose tissue from castrated animals exhibited evidence of altered morphological organization, impaired insulin response and reduction in expression of specific genes involved in regulation of energy use and adipogenesis. T replacement of castrated animals restored a normal unilocular white adipose tissue phenotype. Maneschi et al. (18) reported that T ameliorated the metabolic profile and reduced visceral adipose tissue in a highfat diet-induced rabbit model of metabolic syndrome (MetS). Androgens regulate hormone-sensitive lipase activity in adipose tissue and inhibit adipogenesis. In hypogonadal men, T therapy leads to reduced abdominal fat (4, (19) (20) (21) (22) (23) (24) and improvement in glucose-insulin homeostasis (25) . Low-circulating androgen levels are thought to be associated with increased abdominal adiposity, and restoration of physiological levels leads to reduced abdominal fat.
Loss of fat mass and increase in lean mass was observed in hypogonadal men treated with T in a number of studies (15, (22) (23) (24) (25) (26) , but weight loss (WL) was only reported in two studies (27, 28) . One potential mechanism by which T contributes to WL is stimulating the basal metabolic rate, and increased physical activity, thus, resulting in WL. The role of T in modulating energy utilization such as increased nitrogen retention and increased carbohydrate and fat metabolism as well as regulation of adipogenesis has been recognized for some time (8, (29) (30) (31) .
T promotes rapid turnover of triglycerides by reducing triglyceride uptake and lipoprotein lipase activity, thus mobilizing lipids from the visceral fat depot and contributing to reduced fat mass. T may exert a direct and shortterm effect on metabolism with an acute improvement in insulin sensitivity that occurs rapidly within a few days to a few weeks of treatment, and before loss of fat mass becomes evident; and a prolonged effect achieved when a significant reduction of total and visceral body fat occurs (26, (32) (33) (34) . Given that T replacement promotes a more active lifestyle, the rapid effects may be needed to prepare the body to greater energy expenditure (4) . We believe that T treatment may bring about behavioural changes in addition to the increases in lean body mass, which contributes to increased energy expenditure. Over time, the increase in lean body mass would plateau and the decrease in fat mass will continue and this will bring about additional changes in weight. Thus, the findings of this study can be explained, in part, by the increase in lean body mass and reduction in fat mass attributed to changes in metabolism modulated by T treatment and the changes in physical activity. In addition, T treatment increases motivation, enhances mood and promotes more active lifestyle, thus preparing the body for physical activity and increased energy expenditure, thus contributing to further WL.
Although the treatment of hypogonadism with T remains somewhat controversial, management of hypogonadal men with T has received considerable attention and several T formulations are approved for the management of hypogonadal men. Treatment of hypogonadal men with T demonstrated considerable health benefits. However, the major criticism is that many of the studies on T therapy are of short duration. In this study, we investigated the effects of T treatment in a registry comprised of 261 hypogonadal men seeking urological consultation in a single urologist's office for erectile dysfunction. Here, we report on the longterm effects of T treatment for up to 5 years on body weight (BW), waist circumference (WC) and body mass index (BMI) in hypogonadal men.
Methods and procedures
We performed a cumulative registry study of 261 mainly elderly men, aged 32-84 years (mean ± standard deviation [SD] = 59.5 ± 8.4). All subjects had sought urological consultation in a single urologist's office for erectile dysfunction. In addition to history and physical examinations, plasma T levels for each subject were measured by automated chemiluminescent microparticle immunoassay (Architect Abbott Diagnostics, Abbott Park, IL, USA); intra-assay coefficient of variability (CV) was 3.4% and inter-assay CV was 5.1%. Upon clinical and laboratory investigation, the subjects were found to have subnormal plasma total T levels (mean: 7.7 ± 2.1; range: 1. (36) .
Measurements of anthropometric parameters were performed at baseline (height, weight, WC) and at least once a year (weight, WC) and blood samples drawn at least once a year and prior to the next injection of testosterone. Therefore, T levels were trough levels at the end of an injection interval. WC was measured midway between the lowest rib and the uppermost border of the right iliac crest.
All 261 subjects in this registry were followed for at least one year, 260 subjects were followed for 2 years, 237 subjects were followed for 3 years, 195 subjects were followed for 4 years and 163 subjects were followed for 5 years. The number of subjects presented in the figures may seem to decrease over time. This is not due to the drop-out of subjects from the study, but rather because of the cumulative nature of the registry study design. New subjects were entered into the database once they had received 1 year of treatment with T. The declining number of patients over time therefore reflects duration of treatment but not drop-out rates. On the contrary, adherence to treatment was excellent, and T treatment was discontinued in only eight men, six of whom were diagnosed with prostate cancer and two men did not continue treatment for unknown reasons.
Statistical analyses
Data included in the analyses are yearly data, which were obtained by averaging available visit data across each visit year. Each patient had approximately four visits per year. For continuous variables, the mean, median, SD, range, minimum, maximum, and sample size for the overall sample and various groups was reported at each time point. For categorical variables the frequency distribution was reported. We tested the hypotheses regarding change in outcome scores across the study period by fitting a linear mixed effects model to the data. Time (to indicate follow-up interviews) was included as fixed effect in the model. A random effect was included in the model for the intercept. Estimation and test of change in scores were determined by computing the differences in least square means at baseline vs. the score at each follow-up interview. For the correlation study, Pearson correlation was calculated between baseline changes in outcomes at various time points. The significance of each correlation was tested using Fisher's test.
Results
As shown in Table 1 , the distribution of subjects based on BMI was: 11 men (4%) had normal weight (BMI ≤ 24.9), 88 men (34%) were overweight (BMI 25-25.9), 162 men (62%) were obese (BMI ≥ 30) at baseline. In this latter subgroup, 152 men (94%) were obese (BMI 30-39.9) and 10 men (6%) were excessively obese (BMI ≥ 40). The distribution based on WC was: 8 men (3%) had normal WC of <94 cm, 74 men (28%) had WC of 94-101.9 cm and 179 men (69%) men had WC greater than 102 cm. All men had presented with erectile function problems, and the majority of men had a host of known comorbidities at baseline (Table 1) .
Total T levels during the 60 months period of treatment
Treatment of hypogonadal men with T for up to 60 months resulted in a significant increase in total T levels ( Fig. 1) . Total T levels rose from 7.72 ± 2.07 nmol L −1 at beginning of T therapy to 16.2 ± 4.1 nmol L −1 within the first 12 months of T therapy and these values stabilized between 18 and 19 nmol L −1 for the remainder of the observation period.
Treatment of hypogonadal men with T produced reduction in WC
In hypogonadal men treated with T, WC declined from 107.7 ± 10.0 cm (min 88, max 148) to 99.0 ± 9.0 cm (min 85, max 137) with a mean reduction of 9.4 ± 0.3 cm (P < 0.0001; Fig. 2a ). The reduction in WC was statistically significant at the end of each year compared to the previous year (P < 0.0001) over the full 5-year observation period. In this study, 97.5% of all men showed a decrease in WC. WC decreased by ≥5 cm in 84% of men and by ≥10 cm in 48% of men. Approximately 15% of men had a decrease in WC by ≥15 cm and only 2% had an increase in WC (Fig. 2b) .
Treatment of hypogonadal men with T produced significant weight loss Figure 3A shows the effects of T therapy on BW in hypogonadal men over the course of 5 years of treatment. Weight decreased from 100.1 ± 14.0 kg (minimum: 68, maximum: 141) to 92.5 ± 11.2 kg (min 67, max 124) with a mean loss of 11.1 ± 0.4 kg. This decrease in BW was statistically significant at the end of each year compared with the previous year (P < 0.0001) over the full 5-year observation period. We noted that 14% of men lost ≥20 kg, 31% of men lost ≥15 kg, 51% of men lost ≥10 kg and 80% of men lost ≥5 kg over the 5 years period of T therapy. Approximately 4% of men gained some weight (Fig. 3B ).
Percentage change in BW as a result of treatment of hypogonadal men with T Marked and significant decrease in percentage BW was noted over the course of T treatment. Over the entire observation period, patients lost 10.5% of their initial BW (Fig. 4) . Patients had lost 3.2 ± 0.3% of their initial weight after 1 year, 5.6 ± 0.3% after 2 years, 7.5 ± 0.3% after 3 years, 9.1 ± 0.3% after 4 years and 10.5 ± 0.4% after 5
years. These changes were statistically significant at the end of each year compared with the previous year (P < 0.0001) over the full 5-year observation period. When correlating per cent weight change with baseline T, we found weak correlation across the 5 years of follow-up.
Treatment of hypogonadal men with T produced significant decline in BMI
Over the entire course of 60 months of treatment, we noted consistent and progressive decline in BMI (Fig. 5) . BMI declined from 31.7 ± 4.4 to 30.6 ± 4.3 after 1 year, 29.9 ± 4.3 after 2 years, 29.5 ± 4.0 after 3 years, 29.4 ± 3.7 after 4 years and 29.4 ± 3.4 after 5 years. The observed decline in BMI was consistent with the recorded reductions in WC and weight. The data were further analysed to determine the changes in weight, WC and BMI in men who were obese at baseline. One hundred sixty-two men (62%), in this cohort, had had a BMI of 30 or higher at baseline. In this subgroup with a mean age of 59.8 ± 7.9 years, BW declined from 107.9 ± 11.1 to 96.1 ± 9.5 kg after 5 years. The mean WL in this subgroup was 12.8 ± 0.5 kg. WC decreased from 111.9 ± 9.8 to 100.7 ± 9.3 cm with a mean reduction of 10.5 ± 0.3 cm, BMI was reduced from 34.5 ± 3.2 to 30.7 ± 2.7 kg m −2 (Fig. 6A ). All three parameters remained statistically significant over the full observation time. Approximately 95% of the obese men lost some weight; 18% lost more than 20 kg, 40% lost more than 15 kg, 64% lost more than 10 kg, 84% lost more than 5 kg, and only 5% gained some weight. WC was reduced in 98% of the obese subgroup, 20% lost more than 15 cm, 55% more than 10 cm, 89% more than 5 cm and only 2% had an increase in WC. 
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In order to avoid a bias that may have occurred as a result of the registry design of our study, we also performed a subgroup analysis of those patients who had completed 5 years of treatment. One hundred sixty-four men fulfilled this criterion. In these 'completers' with a mean age of 59.6 ± 8.0 years, BW decreased from 104.2 ± 13.9 to 92.5 ± 11.2 kg by a mean of 11.7 ± 0.4 kg, WC diminished from 108.6 ± 10.1 to 99.0 ± 9.1 cm with a mean of 9.6 ± 0.3 cm (Fig. 6B) , and BMI declined from 33. . Approximately 96% of completers lost some weight, 14% lost ≥20 kg, 31% ≥15, 51% ≥10, 80% ≥5 kg and only 4% showed some weight gain.
In an attempt to determine the relationship between weight at baseline and changes in weight and WC, over the 5-year period of T treatment, we analysed the data based on Pearson's correlation. As shown in Fig. 7 , there were significant correlations between baseline BMI and changes in weight and WC. These findings suggest that the loss of weight in response to T treatment is correlated with baseline BMI and this correlation becomes significant over the course of T treatment.
Discussion
The data from this single site, uncontrolled, prospective registry study of 261 men seeking treatment for erectile dysfunction showed that T treatment of hypogonadal men produced marked WL in approximately 96% of all patients. T treatment produced significant, gradual and sustainable WL and this was associated with marked reductions in WC and BMI, suggesting that in hypogonadal men, T therapy brought about changes in body anthropometry consistent with previous findings demonstrating increase in lean body mass and decrease in fat mass in men treated 
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with T (reviewed in 4). T treatment also produced consistent and marked reductions in WC and BMI over the course of 60 months of treatment and follow-up. Subgroup analysis indicated that the magnitude of changes in the aforementioned parameters was more pronounced among the obese. Based on subgroup analysis, we noted a correlation between baseline weight and changes in weight and WC. Also we noted marked reductions in WC, weight and BMI in the overweight and obesity classes I, II and III, suggesting that T treatment results in changes in anthropometric parameters in all these subgroups (data not shown). The findings of this study were unexpected and surprising, as it was not designed to investigate the effects of T on weight in hypogonadal men. Obesity reduces T levels in men, via various mechanisms (4). The prevalence of T deficiency in obese men ranges from 29.3% to 52.6% (37, 38) . Decreased fat mass and increased lean body mass is the most common reported observation in hypogonadal men treated with T. The minimal to moderate WL reported in previous studies are attributed in part to the short durations (21) (22) (23) (24) and only few studies using long-acting injections of T undecanoate had durations of two or more years (15, 26, 27) . In a pilot, placebo-controlled study in men with MetS treated for 3 years with T undecanoate, WC declined by 13 cm (15) . These findings suggest that T is an important physiological modulator of body composition because of its role in functional fuel metabolism and in promoting myogenesis and inhibiting adipogenesis.
Longitudinal population studies suggested that low T is an independent risk factor for the development of MetS and type 2 diabetes, stroke or transient ischemic attacks. An inverse relationship between T levels and indicators of obesity (BMI, WC), has been reported (5).
T treatment of men with the MetS produced moderate weight reduction and reduced insulin resistance (3).
The marked WL reported in this study is attributed to changes in metabolism in response to normalization of T levels. T regulates metabolic function and energy utilization resulting in nitrogen retention, carbohydrate and fat metabolism, and regulation of adipogenesis (8, 9) . T promotes rapid turnover of triglycerides in the subcutaneous abdominal adipose tissue and mobilizes lipids from the visceral fat depot by inhibiting triglyceride uptake and lipoprotein lipase activity. Furthermore, T regulates differentiation of mesenchymal pluripotent cells and promotes the myogenic lineage and inhibits the adipogenic lineage (39) . The reported increase in lean body mass and reduction in fat mass, in previous studies, suggest that changes in metabolism are modulated by T treatment. Thus, our findings may be explained in part by changes in metabolism contributing to WL and reduction in WC and reductions in body mass index. Our findings are similar to that of a recently published report in which T treatment produced significant reduction in weight and marked decrease in BMI and WC (27) .
A recent study (40) demonstrated that, in ageing men, moderate WL was associated with an increase in testosterone and more substantial WL was associated with an increase in free T. These findings suggested that health and lifestyle factors contribute to WL with profound effects on the function of hypothalamic pituitary testicular axis in ageing men. Such factors attenuate or reverse the apparent age-related testosterone-decline. The implication of such findings is that maintaining the function of the hypothalamic pituitary testicular axis, in ageing, may require reducing weight gain and treating obesity. These findings support the data presented in this study in that T plays an important and direct role in regulating the anthropometric parameters in aging men. In a recent International Post-Authorisation Surveillance Study (IPASS) of more than 1400 hypogonadal men from 155 centres in 23 countries the overall level of vigour/ vitality was markedly increased after 1 year of T treatment (41) . This, together with improvement in the quality of life, explains, in part, the possible increase in physical activity subsequent to T treatment. Furthermore, the increased motivation, level of energy and vigour associated with T treatment may explain the marked reduction in BW attributed to increased energy expenditure.
As reported previously, it should be noted that one of the major concerns regarding T treatment in hypogonadal men is prostate cancer (27) . To date, there is no compelling evidence that T promotes development of prostate cancer in men (42) (43) (44) and guidelines for monitoring have been developed which, if properly utilized, renders T treatment as safe in management of hypogonadal men without fear of prostate carcinoma (1, (45) (46) (47) (48) . In this study of 261 patients treated with T for 5 years, only six patients had a diagnosis of prostate cancer, representing an incidence per 10 000 patients years of 54.4, a smaller incidence than reported in the Prostate, Lung, Colorectal, Ovarian Cancer Screening Trial (49) clinical obesity Screening for Prostate Cancer Patients (50) . The data from this study can only suggest that there was no signal of an increased risk of prostate cancer. Among the limitations of this study is the nature of its registry design. This single-centre, open-label study is not a randomized controlled study and therefore limits interpretation of the reported findings. Subjects were treated in a urology clinical setting for a host of urological conditions including benign erectile dysfunction, prostatic hyperplasia and lower urinary tract symptoms. Because these subjects are seeking medical treatment of various urological conditions, an unintended bias may have been introduced. Another potential limitation of this study is that we only measured total T levels, but not free or bioavailable testosterone, in combinations with signs and symptoms, to assess hypogonadism. Further, patients in this registry exhibited different urological complaints and have different comorbidities. Because we did not expect patients to lose weight, there was no assessment of lifestyle changes. We cannot exclude that men adopted a more active lifestyle and increased their level of physical activity. It has been shown that treatment of hypogonadal men with longacting injections of T undecanoate increases vigour and vitality (41, 51) .
It should be noted that this study was not designed to investigate WL, and patients were entered into the registry consecutively once diagnosed with hypogonadism and had received at least one year of T treatment. This may have introduced a bias of some patients dropping out in the early treatment phase because of lack of response. Another bias may have been introduced by the fact that patients treated for less than 5 years may have had different results. A subgroup analysis of those men who had completed 5 years of treatment, however, revealed that the changes were in the same magnitude as in the total group. In this study, T was used to treat hypogonadal men and the effects of T treatment on weight was neither intended nor expected, as long-term WL had never before been reported in the literature as an outcome measure for T treatment. In one study, men with MetS lost 4.31 kg BW after 30 weeks of treatment with injectable T undecanoate (27) . In this study, there was a marked and significant WL of approximately 11 kg in 96% of subjects). In summary, T treatment in hypogonadal men for up to 5 years duration appears to be effective in facilitating WL, reduction in WC and BMI.
